Experiments on Protozoa.
The effects of CO~ and of H2S on various protozoa have been studied by Jacobs ~ and Beerman? These authors found that the order of resistance of various protozoa to these chemicals bears no relation to the order found in the case of other acids which act primarily through their hydrogen ion effects (Collett). 4 Hydrocyanic acid has been found by the author to produce approximately the same effects as carbonic acid and hydrogen sulfide, but with marked differences in velocity for the given species.
Among the forms studied in the present experiments the most extensively used were Paramecium caudatum, Paramecium multimicronucleatum, Paramecium aurelia, Paramecium bursaria, Euplotes patella, and Euglena viridis. Mixed cultures as well as some pure line cultures of these organisms were used. The same calibrated pipette was used throughout, so that the same relative amount of culture was introduced in all experiments. Animals were put in 10 cc. of solutions in Syracuse watch-glasses and kept covered to prevent evaporation. The time taken to kill approximately two-thirds and the time when all were killed was obtained by means of a stop-watch.
Inasmuch as many experiments have been carried out using different concentrations of HCN, and since the results are qualitatively similar, only typical experiments will be cited to show the physiological action of the reagent.
The behavior of protozoa in HCN is strikingly similar to that described by Jacobs'-' and B eerrnan 3 for CO~ and H2S. The animal hecomes sluggish, locomotion finally ceases, while the cilia continue beating, eventually stop, and the animal is dead. The bodies of the organisms become slightly swollen, more so in breadth than in length, the nuclei both micro and macro are distinct, while vacuoles from the very beginning of the experiment are engorged and stand out very prominently. No marked cytolysis occurs, except that in Paramecium 5ursaria which is least resistant to the acid the pellicle bursts and an irregularly shaped mass remains after the animal is killed.
Collett, M. E., J. Exp. Zool., 1919, xxJx, 443. In the case of the species of Paramecia used the relative toxicity of a solution of HCN of pH 5.6 is as follows: Paramecium bursaria is killed in approximately 2 to 3 minutes; Paramecium aurelia in 4 to 5 minutes; Paramecium multimicronucleatum in 10 to 15 minutes and Paramecium caudatum in approximately 1 to 2 hours. Euplotes patella is extremely sensitive to HCN, its resistance to the above solution being between that of Paramecium bursaria and Paramecium aurelia. The time for death ranges from 2 to 3 minutes. Euglena viridis is most sensitive to the acid being killed almost instantaneously.
These experiments on protozoa show that different species of these animals have different resistances to HCN. If the effects of this acid are due to hydrogen ions in its solution the same order of resistance ought to be obtained with solutions of other acids, especially when of the same hydrogen ion concentration. The results o,f Miss Collett 4 and of jacobs ~ for mineral acids, which have been confirmed by the author, show that the order of resistance of Paramecia is Paramecium bursaria > Paramecium caudatum >Paramecium aurelia. The order of resistance to COs (Jacobs 2) and to H2S (Beerman9 is Paramecium caudatum > Paramecium aurelia > Paramecium bursaria. In the present experiments the order of resistance to HCN is Paramecium caudatum >Paramecium multimicronucleatum >Paramecium aurelia> Paramecium bursaria, a condition quite the reverse of that found for mineral acids but similar to that found for COs and H2S. Euplotes is also quite resistant to mineral acids but extremely sensitive to HCN.
Artificial Cell Experiments.
Since Jacobs 2 and Beerman 3 have pointed out that CO2 and H2S, in contrast to mineral acids, must act after penetration of the cell, it was thought desirable to test further the possibility that HCN acted in a similar manner. Artificial cells, "the shell vial cell" and the "frog skin cell" as devised and described by Jacobs, * were extensively used. The following table, a result of a typical experiment with such "cells," shows that HCN undoubtedly acts in a manner quite similar to the two other acids mentioned.
PHYSIOLOGICAL ACTIONS OF CYANIDES
Frog Skin Cell. This experiment, in which the reagents except HCN were all brought to the same pH value, as indicated in the table, seems to show rather clearly that HCN penetrates the cell and then ionizes, producing an intracellular acidity. That the membranes are not killed by these reagents is easi!y demonstrated by changing the reagents and substituting mineral acids and other reagents which are known not to penetrate living membranes in the above manner. No changes in intracellular acidity are noted in such check experiments.
The following table, giving the results of a typical experiment with the "frog skin cell" shows that an intracellular acidity can be produced by HCN in an alkaline medium. 
I
7.3 CO2 in the concentration used penetrated in about the same relative time as the HCN. No exact quantitative comparisons in the relative rates of penetration of the two reagents have as yet been made. The extrem~e rapidity of penetration of HCN (in this experiment less than 1 to 2 minutes) must, however, be an important factor in explaining the rapid toxicity of the reagent.
Experiments carried out with bullfrog tadpoles, using the same solutions as in the "artificial cell" experiments, gave the same relative results. The animals were always killed first in those solutions in which the HCN penetrated the ' 'frog skin cells" most quickly.
The results of these experiments show that in many respects HCN acts like COs and H2S. The experiments on protozoa seem to show quite definitely that HCN, like CO2 and I-I~S, acts from within the cell outward, while the "artificial cell" experiments tend to confirm the view that HCN, as a molecule and not in the ionized state, penetrates the cell. tICN penetrates the cell as a molecule and dissociates within the cell giving rise to tI and CN ions. The acid effect within the cell is, of course, due to the H ions.
The importance of controlling the hydrogen ion concentration in experiments with solutions of KCN is thus apparent. This point has been recently indicated in a practical way by Edwards 5 who has shown' that unneutralized solutions of KCN produce protoplasmic changes in ameba similar to those caused by solutions of KOH, while neutralized solutions of KCN produce changes of an entirely different nature. SUMMARY AND CONCLUSIONS. i. The physiological actions of HCN and its salts appear to be due (a) to the ease with which HCN molecules penetrate living cells and then ionizing, exert their influence by means of H ions and CN ions; (b) to the weakness of HCN as an acid, which permits at neutrality or at even slight alkalinity the presence of a considerable amount of free HCN molecules in the presence of their salts; (c) to specific effects occasioned by its chemical activity.
2. The order of resistance of various protozoans to tICN resembles that of the same protozoa to COs and to H~S, but is the reverse of their resistance to mineral acids.
3. HCN in acid, neutral, or slightly alkaline media produces intracellular acidity because of the rapid penetration of HCN molecules into the cell.
4. HCN acts specifically on certain species of protozoa, the order of resistance of Paramecia being Paramecium caudatum>Parame-cium multimicronucleatum > Paramecium aurelia > Paramecium bursaria.
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